Copy 1 


Che University of Chicago 


FOUNDED BY JOHN D. ROCKEFELLER 


THE LATERAL LINE SYSTEM 


OF 


BATRACHUS TAU 


A DISSERTATION — 


Submitted to- the Faculties of the Graduate Schools of Arts, 
Literature, and Science, in candidacy for the degree of 


DOCTOR. OF PHILOSOPHY 


(Department of Zoology) 
May, 1896 


BY 


CORNELIA MARIA CLAPP 


BOSTON, U.S.A. 
GINN & COMPANY, PUBLISHERS- 
The Atheneum Press 
1899 


“A 
a ot! 


* 


The University of Chicago 


FOUNDED BY JOHN D. ROCKEFELLER 


THE LATERAL LINE SYSTEM 


OF 


BATRACHUS TAU 


A DISSERTATION 


Submitted to the Faculties of the Graduate Schools of Arts, 
Literature, and Science, in candidacy for the degree of 


DOCTOR OF PHILOSOPHY 


(Department of Zodlogy) 
May, 1896 


BY 


CORNELIA MARIA CLAPP 


BOSTON, U.S.A. 
GINN & COMPANY, PUBLISHERS 
The Atheneum Press 
1899 


THE LATERAL LINE SYSTEM OF BATRACHUS 
TAU. 


CORNELIA M. CLAPP. 


CONTENTS. 


PAGE PAGE 
Introductionyes pert nS o UE cee ZZ AM UMMEGVAT OM seh ee teksorcscseveats 232 
General Considerations .................. 237 
I. ADULT FORM. 

General Description .............2.-2:--+ 225 II. LaRvaL Forms. 
Topography of the Lateral Line Origin of the Lateral Line System 238 
SCE Mirae ee elated a Si 226 (1) Lateral line sense organs...... 238 
(0) dnfraorbital lime #222 226 (2) wateraleline nerves; <2. 2s 242 
(2) Supracrbital line: 22 227 (3) Formation of canals.............. 244 
(3) Operculo-mandibular line...... 227 (4) Connecting strande! 2 ).2..245 
(Ap Bodyilines eis pees 228 Comparison with other teleosts...... 249 
Canals wee Wile zc r hehe ole 228 Comparison with ganoids................ 250 
(U)) PIGUES scoot eecreuccnccnectcehereoesaee 229 Comparison with selachians .......... 250: 
(2) Relation of canals to cranial Comparison with dipnoids.............. 250 
DOTS eee ae a ae hee ae 230 Comparison with cyclostomes ........ 250 
Number and position of organs...... 231 Comparison with Amphibia............ 251 
Wariationsé-..b ieee a cas 2a28 1 General SUMMATY 20sec... eae oe: 255 

INTRODUCTION. 


In a recent contribution to the “Skin and Cutaneous Sense 
Organs of Teleosts,” Leydig (1) says: ‘Every one who has 
worked in this field shares the conviction that there is need 
of the codperating participation of many observers before any 
conclusive presentation of the subject is possible.” 

As the discoverer of the true nature of the so-called “ lateral 
line”’ of fishes, Leydig’s words have weight, when, after nearly 
fifty years of investigation, he is obliged to confess that “the 
points still obscure outnumber by far those well ascertained.” 

Kupffer maintains that we are still on the very threshold of 
a history of the development of the peripheral nervous system. 
It is therefore the task of the investigator to furnish data for 
the future work of generalization. 
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In the following pages an attempt has been made to describe 
the lateral line system of the toadfish, both in the adult and 
developmental stages, for, as Mr. Allis (2) has well said, the 
“purely descriptive part of the subject” has been too much 
neglected. 

Frequent reference will be made to the conditions existing 
in Amia, and the nomenclature employed by Allis will be 
adopted. 

Ryder (3) describes the appearance of the lateral line organs 
in the young toadfish at the time of the formation of canals on 
the head, and speaks of the lines of free organs on the body 
as canals! It is evident that his observations, though in many 
ways valuable, were incomplete. So far as I am aware, this 
preliminary “notice” contains all we have on the subject of 
the lateral line system of the toadfish. 

In Jordan’s “Synopsis of Fishes of North America”’ (4) the 
only mention of this system is the statement that in Batrachus 
there is “zo /ateral line, nor conspicuous pores.” 

My study of the lateral line system of Batrachus was begun 
in the summer of 1888, under the direction of Prof. C. O. 
Whitman, at the Marine Biological Laboratory of Woods Holl, 
Mass., and completed at the University of Chicago. 

I wish to express my deep feeling of obligation to Pro- 
fessor Whitman for the interest he has taken in the supervi- 
sion of my work ; and for the many courtesies and suggestions 
received from instructors and associates, I wish here to make 
acknowledgment. 

For assistance in obtaining material at Woods Holl I am 
greatly indebted to Mr. G. M. Gray, the Collector of the 
Marine Biological Laboratory ; for specimens of Acanthias I 
wish to thank Dr. A. D. Mead and Prof. A. D. Morrill. 

The drawings for this paper were made after my sketches 
by the following draughtsmen at the Marine Biological 
Laboratory : 


Figs. 1-3 and 7-11 were made by Mr. Crosby. 
“« 4-6 a“ ce >) 40) Mir: Pekin. 
“72 s «6 ~Mr. John Walton. 
“ “22. oe ae 6 “.  « Mr. Hayashi. 
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I. ApDvuLT Fors. 


General Description. 


There is something singularly grotesque in the appearance 
of the toadfish; and, as its name would imply, there is a 
superficial resemblance to the familiar batrachian. The slug- 
gish disposition, the mottled brown and gray of the wrinkled, 
scaleless skin, the depressed head and toadish eyes do not 
suggest the typical teleost. The young fish also are tadpole- 
like in their form and motions. 

From Pl. XVII, Figs. 1-3, it will be seen that there are quite 
conspicuous projections of the skin on the head. Besides the 
paired flaps found in connection with the sense organs, there 
are other single, often longer projections to be found, which 
become laciniated in the older fish. These are especially © 
prominent about the mouth, fringing the margin of the lower 
mandible and opercular regions, while over each eye rises a 
broad conspicuous flap, giving an owl-like facial expression. 
The goosefish (Lophius) and the sea raven (Hemitripterus) 
also possess these somewhat ornamental appendages about the 
mouth. The function of these skinny tentacles seems evidently 
to be for protection, as they strikingly resemble both in color and 
form the seaweed (fucus) that abounds near their favorite haunts. 

The toadfish frequents the shallow water of bays and inlets 
of the sea, ranging on the Atlantic coast from Cape Cod to 
Florida. 

It is abundant at Woods Holl, Mass., and is easily obtain- 
able in the month of June, during the spawning season. At 
this time the fish resort in pairs to large stones, usually near 
low watermark, and scooping out a cavity beneath, remain for 
days in their retreat. The toadfish of the Eel pond near the 
laboratory seem to prefer the débvzs of civilization to the 
excavation beneath the rock; for example, tin cans, old boots, 
broken (ues vete, Alter depositne the egsas, the female 
departs, while the male remains to guard the nest. 

The young fish do not “attach themselves by a ventral disc 
which soon disappears,” as has been supposed, but at the time 


226 CLARr: [VoL. XV. 


of oviposition each egg is securely glued to the rock by means 
of a secretion on the egg membrane at the pole of the egg 
opposite the micropyle. 

After hatching, the embryo fishes still remain attached to 
the rock by the adhesion of the yolk sac to the inside of the 
egg membrane over the disc area, until the yolk material 
has been entirely absorbed—a period of three or four 
weeks. 

The largest toadfish seldom reaches a length of more than 
twelve inches. 

Dr. Goode (5) gives the following facts about the toadfish: 
“In general appearance it resembles a sculpin. It possesses 
the power of changing its color to lighter or darker shades 
when exposed to light in shallow vessels with dark or light 
colored bottoms. It probably becomes torpid in winter in the 
more northern regions, is very hardy, and utters a loud croaking 
sound when handled.” 

In Storer’s description of Batrachus tau one finds certain 
statements which are hardly correct. For example, he speaks 
of the eggs as being “not larger than very small shot,” as 
“increasing in size” after deposition, also as adhering by a 
‘disc acting as a sucker,” and finally he says of the fish which 
remains to guard the eggs, that “it is in all cases the mother 
of the young ones.” 


Topography of the Lateral Line System. 


1. Lnfraorbttal line. — The first six organs of this line are 
found on a semicircular fold of the skin, anterior to the nasal 
tube (Pl. XVII, Fig. 2). These organs constitute the antorbital 
portion of the infraorbital line. They are free organs pro- 
tected by a pair of flaps of the skin, representing in their posi- 
tion the sides of a canal. Each organ occupies a depression in 
the skin, and on opposite sides are developed the pointed flaps 
which arch over this depression, the tips of the flaps almost 
meeting over the center of the organ (Fig. 1). . 

There is no anterior commissure between the infraorbital 
lines of the two sides of the head as seen in Amia. 
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At a point midway between the anterior and posterior nares 
the infraorbital line branches. One division extending along 
the border of the maxillary may therefore be called the maxil- 
lary branch, the other being the suborbital portion of the main 
line (Fig. 1). There are seven organs in this maxillary branch, 
five being free organs and two enclosed in a short canal 
(Pl. XX, Fig. 22). The suborbital portion consists of eight 
free organs, bordering the lower half of the orbit (Figs. 22 
and 23). : 

At the outer angle of the eye there are two free organs 
(9, 10) continuing the line of the infraorbital and correspond- 
ing to the otic portion (15, 16) as seen in Amia. (Compare 
Pl. XX, Figs. 21 and 22.) Inthe temporal portion of the line 
there is a single organ (11) enclosed in a canal (Fig. 22). The 
infraorbital line is continued on to the body as the dorsal line 
of free organs (Figs. 22 and 24). 

2. Supraorbital line. —There are seven organs in this line. - 
The first, a free organ, is situated near the median line, a little 
anterior to the opening of the posterior nares (Pl. XX, Fig. 22). 
Organs 2-6 are enclosed in a canal, while the seventh is a free 
organ occupying a position apparently outside the line and on 
the topor the head (PE XW, Mie. 2; Plc XX, Mig: 22). There 
is evidence of the presence of the supra-temporal cross-commis- 
sure, although the canal seen in Amia is wanting in Batrachus. 
In one specimen, 12 cm. in length, the line was conspicuous, 
as two extra organs were present in this region of the head. 
In Pl. XX, Fig. 22, s¢.com., the position of the line is indicated. 
The middle pit line of Amia may be represented in Batrachus 
by the organ just dorsal to the temporal canal (Fig. 22, ./.). 

Four organs on the top of the head, extending on to the 
trunk each side of the first dorsal fin, constitute what is desig- 
nated by Allis as the dorsal body line in Amia. (Compare 
Figs. 21-23.) 

3. Operculo-mandibular line. — The first organ of this line is 
found on the lower side at the symphysis of the mandible. 
There is no commissural connection here between the two 
sides of the head. Four organs, which never become enclosed 
in a canal (Fig. 3), occupy a depression which appears as an 
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open groove in the bone (Fig. 5). The succeeding organs, 
5—7, are within a canal in the articular bone (Fig. 5). At the 
angle of the jaw the opercular division begins, and consists of 
four enclosed organs (8-11) with one (12) free organ near the 
temporal region (Fig. 22). Outside of these twelve organs of 
the operculo-mandibular line there are accessory lines of free 
organs. On the mandible there is a short line of three organs 
(Pl. XVII, Fig. 3, ac.md./.) anterior and parallel to the canal. 
Near the pore at the junction of the two portions of the 
operculo-mandibular line there are two free organs (md/.) (Figs. 
I, 3, and 22), while on the operculum two lines of free organs 
diverge at right angles to the canal in the preoperculum, the 
more dorsal (d.o./.) having four, and the other (v.o./.) three 
organs (Fig. 22). 

4. Body lines. — There are three lines of free organs on the 
side of the body (Fig. 24); the most dorsal, of twenty-seven 
organs, being a continuation of the infraorbital, the middle line 
appearing as a branch from this line, represented by only a few 
scattered organs, usually eleven, and the ventral line, of twenty- 
seven organs, extending from a point in front of the ventral 
along the border of the anal fin. Continuations of these lines 
are found on the caudal fin, but the organs are somewhat 
diminished in size toward the posterior end of the body. The 
usual number on the caudal fin is four. 


Canals, 


The canals enclosing lateral line organs are found only on 
the head, and these present a rudimentary, perhaps vestigial 
condition in Batrachus. 

From Fig. 22 it appears that the infraorbital line through- 
out its extent has only two short canals, one on the maxillary 
branch containing two organs, and the other in the temporal 
region enclosing only one. The supraorbital line, on the other 
hand, exhibits the opposite condition, in that all the organs of 
the line are enclosed in a canal with the exception of a free 
organ at each end of the line. The operculo-mandibular canal 
is well developed, only five of the twelve organs being super- 
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ficial. There is a direct union of the canals of the two sides 
of the head between the eyes, but no organ is developed in 
this commissural portion (Fig. 23; also Fig. 4). 


Pores: 


For a complete understanding of the relation of the pores 
to the canals, a knowledge of their mode of development is 
necessary. Each organ becomes enclosed in a short canal 
(Cut 1), the two openings of which are called by Allis terminal 
or half pores. By the union of these half pores, the so-called 
primary pores of the young Amia are formed. 

In the case of Amia there is a subsequent process of division 
of these primary pores, resulting in the dendritic systems of 
the adult fish. The pores in Batrachus correspond to the 
terminal and primary pores of Allis, as shown in the diagram 


ee 


Curt 1.— Diagrammatic representation of the formation of a primary pore: a, 4, and c, two 
terminal pores approaching each other and fusing; d@, primary pore. 


representing the post-larval stage of Amia. (Compare Figs. 
21 and 22.) In the supraorbital line of Batrachus the przmary 
pores have become fused, so that only the two terminal pores 
are present, and no pore marks the union of the canals between 
the eyes, as seen in Cottus gobio. These pores, in process of 
fusion, may be observed during the development of the canals 
in the young fish. 

It seems all-important that the term fove be restricted in its 
application to the openings into the canals. In consequence of 
the indiscriminate use of this word, it is often difficult to under- 
stand the statements of some writers. A puzzling case is pre- 
sented in a description of the canals of Polyodon by a writer (6) 
on the Sensory System of Ganoids, where the “cluster pores” 
are described as openings of canals, and figured as sense organs ! 

A recent writer (7) in alluding to this subject says: ‘The 
word pore is inappropriate in Amphibia if used in the same 
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sense as in fishes,’ as may be easily understood when it is 
known that xo canals exist in the Amphibra. 


Relation of Canals to Cranial Bones. 


From an examination of the skull (Fig. 4) it appears that 
grooves or open channels in the bones serve as protection 
for the organs. In Batrachus the only cranial bones which 
become modified to give protection to the lateral line organs 
are the frontal, dentary, and articular bones, the preoperculum, 
and an accessory membrane bone in the maxillary branch of 
the infraorbital. The curious T-shaped arrangement of the 
upper surface of the frontal bones where the canals of the two 
sides of the head unite, has given the specific name (tau) to 
the species under consideration. These channels are spaces 
between ridges of bone projecting from the surface and 
partially surrounding the membranous tube containing the 
sense organs. They vary in diameter in the different regions 
of the head. In the opercular region this membranous tube 
occupies the space (Fig. 4) between the outer edges of the 
two lamellae of bone forming the preopercle. In the canal 
of the maxillary branch the accessory membrane bone appears 
as though folded together to enclose the canal (Fig. 4, ac.0.). 
In the mandible there is the nearest possible approach to a 
closed bony canal (Fig. 5), while in the case of the temporal 
canal there is no cranial bone involved. This short canal lies 
outside the muscles which cover the squamosal and occipital 
bones, and consists of a tough fibrous or semi-cartilaginous 
covering within which is the lining epithelial layer (Fig. 22, 
T.C.). Leydig (8) figures a similar formation in Chimaera. 
The supporting substance is described as consisting of incom- 
plete rings, one behind the other, comparable to the rings of 
the trachea, and the free ends of these rings are represented 
as branching. In cross-sections of the temporal canal in 
Batrachus a very similar structure is seen. 

At the anterior end of the supraorbital canal there is a 
scale-like cartilaginous formation, by means of which the canal 
is extended across between the two openings (Fig. 22) of the 
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nasal tube. This scale bears some resemblance to the carti- 
laginous tube of the temporal canal, yet is unlike it, and seems 
to be a peculiar structure found in no other part of the canal 
system of Batrachus. Something very similar is found in the 
canal of the trunk in Cottus gobio (Cut 2), 
as described and figured by Bodenstein (0). 

The nasal tube itself is a canal belong- 
ing to this system which never becomes 
surrounded by any bony formation. [In _ Cur 2.—Scale from trunk 
this connection it may be stated that there =“ ° “o*tus s0bio- 
is good reason for regarding the semicircular canals of the 
ear as belonging to the lateral line system, although shut off 
entirely from the surface of the body. This view has been 
advocated by Ayers (10) and other writers. 


Number and Position of Organs. 


In Batrachus the organs in canals are identical with the 
so-called free organs, the only difference being the fact that 
‘the free organs, being situated on dermal papillae, have a 
slightly different form. 

The number of organs on the head is 128, and on the body 
140, making a total of 268 organs on the entire surface of the 
head and body. The number enclosed in canals is only 30, 
making the number of free organs 238. There is no indication 
that the number of organs increases by multiplication during 
the life of the fish, and the ‘“‘nerve ridges’”’ described by Allis 
(2) have never been found in Batrachus. The “pit organs”’ of 

‘Amia, assigned to the same general class of nerve hillocks, 
are yet said to differ greatly from the canal organs in “shape, 
arrangement, and methods of multiplication.” From the 
description, however, there seems little evidence of greater dif- 
ference than between the enclosed and free organs of Batra- 
chus, except, possibly, in the size. It seems quite impossible to 
arrange them in two separate groups in the case of Batrachus, 
as they replace so constantly the regular canal organs. The 
enclosure of organs within a canal seems quite incidental and 
secondary. The absence of accessory lines of pit organs is 
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quite noticeable in Batrachus, as also the numerous “surface 
sense organs” (terminal buds) described by Allis (2) on the 
head of Amia. 


Variations. 


Frequent variations in the number and position of the organs 
have been noted. There may be five, six, or seven organs in 
the antorbital portion of the infraorbital line. The number 
in the suborbital may be eight or nine. In the mandibular 
line at the place of union of the opercular and mandibular 
divisions one organ is often wanting. 

Two extra organs—one on each side be the head — 
occurred in the case of one specimen, confirming the opinion 
that the free organs of this region are homologous with those 
of the commissural canal in the occipital region of Amia. 
(Compare Figs. 21 and 22.) 

On the body the variation is still more marked, the two sides 
seldom having exactly the same number or arrangement of 
organs. 

On one large specimen there was the following arrangement : 


In the dorsal body line of the right side, 25, left 29. 
“c “é middle ce “ce ce ‘é ce “e I i “c 5. 
6é “ec ventral ‘<r cc) ak ‘c ra “ 26, cc 27. 


At the anterior end of the ventral line in another specimen 
one organ was lacking on each side. The number may be four, 
five, or six on the caudal fin. 


Innervation. 


The method most successfully employed for determining the 
course of the nerves was maceration of the adult fish in nitric 
acid. After being kept for some time in a weak solution, not 
only the large nerve trunks could be easily followed, but the 
bundles composing these trunks could be separated, the con- 
nective tissue sheath having been dissolved. It thus became 
possible to demonstrate the course of the different components 
of nerves enclosed in the same sheath. | 
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By reference to the diagrams (Figs. 22 and 23) which represent 
the side and dorsal view of the head and anterior part of the 
body of an adult toadfish, the course of the nerves may be 
traced after their exit from the skull. Fig. 21 is reproduced 
from Allis’s plate for purposes of comparison, as it is of interest 
to note the general resemblances and slight differences which 
appear in comparing the teleost Batrachus with the ganoid 
Amia. As may be observed, the number of organs in the 
different lines and their mode of innervation correspond in a 
surprising manner. , 

The lateral line system in the head of Batrachus is innervated 
by dorsal branches of the VII and X cranial nerves. | 


The VII Nerve. 


The supraorbital line is innervated by the R. ophthalmicus 
superfacialis facialis (Fig.22). This branch arises from the 
ganglion lying above the Gasserian ganglion (Fig. 13), and 
runs along the inner margin of the orbit in close association 
with the ophthalmic branch of the trigeminus. There is 
an evident interchange of fibres in one place, and the two 
nerves are included in the same sheath for a short distance 
near their peripheral termination. Each organ is supplied by 
a short branch, which enters the bony canal immediately below 
the organ. Organ No. 7 being a free organ, and on the top of 
the head, yet belongs to this supraorbital line of organs, as 
may be seen by tracing its development and its innervation. 
As Allis has shown in Amia, the supraorbital line is widely 
separated, at an early period of development, from the infra- 
orbital, at the point where later there is a union of the two 
canals. 

Infraorbital lime. —The organs in the pre-auditory part of 
the infraorbital line are innervated by the R. buccalis facialis 
{Figs. 22 and 23, duc.f.). This branch arises from the facial 
(Fig. 13), lying above the Gasserian ganglion, and immediately 
divides, sending a comparatively small number of fibres (Fig. 
13, buc.f.*), to the outer angle of the orbit to supply the eight 
organs of the suborbital portion of the infraorbital. The 
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main portion of the buccalis passes directly downward to the 
floor of the orbit (Fig. 13, duc.f.1) enclosed for some distance 
in the same sheath with the maxillaris of the fifth. It then 
again divides, one branch being directed toward the median 
line supplying the six antorbital organs, while the other sends 
branches to the seven organs which constitute the maxillary 
portion of the infraorbital line (Fig. 23). The two organs 
(9, 10) of the infraorbital line, corresponding to those inner- 
vated by the otic branch in Amia (Fig. 21), are in Batrachus 
supplied by a branch from the R. buccalis facialis (Figs. 
22 and 23). 

Operculo-mandibular line. — The organs of this line are 
innervated by the R. mandibularis externus facialis. Organ 12, 
—a free organ,—together with the most dorsal of the two 
branch lines of free organs on the operculum (Fig. 22, d.o./.), 
are innervated by a branch of the hyoideo-mandibularis facialis, 
before the externus has separated from it. It leaves the main 
trunk through the foramen at the base of the opercular 
spine. 

Organs 8-11 are supplied by branches which pass from the 
externus between the bony lamellae of the preoperculum to 
the canal occupying the space between the outer edges of these 
lamellae. Between organs 9 and 10 a branch is given off to 
the three free organs forming the ventral line on the opercu- 
lum (Fig. 22, v.0.2.). 

There are two free organs situated near the large pore which 
marks the union of the opercular and mandibular portions 
of the line, and which seem to correspond to the mandibular 
pit line of Amia (Fig. 21, m.d./.), which are innervated by 
branches from the externus. In the same way the two free 
organs at the angle of the mouth in Batrachus may easily be 
identified with the vertical cheek line in Amia (Fig. 21, c./.), 
also supplied by a branch from the externus. 

The three canal organs of the mandible are innervated by 
the externus, as also the four organs in the groove at the ante- 
rior part of the mandible (Fig. 3), while the three superficial 
organs in a line parallel with them are also supplied by a 
branch of this same nerve (Fig. 22, ac.md./.). 
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There seems to be an interesting peculiarity in the innerva- 
tion of the body lines of Batrachus. The N. lineae lateralis 
does not supply the line of sense organs continuous with the 
infraorbital of the head, but it does send branches to some of 
the scattered organs of the middle line. The dorsal and ven- 
tral lines of the body are innervated, in part at least, by the 
R. recurrens facialis. This nerve emerging from the ventral 
branch of the dorsal VII (Fig. 13) turns directly backward 
within the cranial cavity; it passes obliquely through the cranial 
wall and through a loop in the glosso-pharyngeal, beyond 
which it forms an anastomosis with an ascending branch 
from the posterior root of the vagus, at a point just behind the 
auditory capsule. The position of the R. recurrens facialis is 
superficial to the N. lineae lateralis, and it extends on to the 
body just underneath the skin. It divides immediately (Fig. 
22), sending one branch toward the dorsal region supplying 
the organs of the anterior portion of the dorsal line, while the 
ventral branch curves around behind the base of the pectoral 
fin innervating the anterior organs of the ventral line. 

The X or vagus nerve.— The anterior root of the vagus 
nerve arising from the dorsal region of the medulla (Fig. 12, 
X anr.), does not possess any distinct ganglion. It runs 
backward and outward, crossing the main root of the vagus, 
with which it is connected by a few fibres, and after leaving 
the cranium by the foramen in the occipital is continued on 
the body as the N. lineae lateralis. It courses deeply under- 
neath the muscles for some distance, becoming super icl’ at 
the posterior portion of the body. 

Although this is the main lateral line nerve, z¢ seems to 
innervate only a few of the organs on the body of Batrachus. 

The supratemporal branch of the vagus is composed mainly 
of anterior root fibres (Fig. 13, s¢.v.1). It arises intracranially, 
passing upward and leaving the skull through a foramen in the 
supraoccipital (Fig. 4, o.cf.). It then turns forward, supplying 
the canal organ of the temporal region (Figs. 22 and 23) and 
three other organs on the top of the head. The most anterior 
of the three organs may be considered as representing the 
middle dorsal line of pit organs, which in Amia are innervated 
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by branches of the [X, while the two others are probably 
homologous with the orgams forming the cross-commissure of 
Amia. (Compare Figs. 21 and 23.) 

Another branch (z.?), arising from the anterior root of the 
vagus just outside the cranium, and taking a course upward and 
backward, innervates the four organs of the dorsal line (Fig. 
22, dl). 

Fig. 13 shows an intracranial commissure between the VII 
and X. The branch from X which anastomoses with the R. 
recurrens facialis (Fig. 13) arises from the fosterior root of the 
vagus. It is also evident that the fibres of the R. recurrens 
facialis emerge with the ventral root fibres of the VIL It is 
probable that the components of this nerve have a different 
central termimation m the medulla from the dorsal branches 
of the VII and the anterior root of the X The mnerva- 
tion of the body Imes m Batrachus presents a somewhat 
puzzlmg problem, which can only be solved by a careful study 
of the termimations or origin of the fibres m the medulla. The 
apparent course of the nerves is often deceptive, as fibres hav- 
ing different central connections are enclosed in the same sheath 
outside of the medulla, or, the central connections being the 
same, the fibres follow different pathways to their destination. 
A case in pomt is that of the glosso-pharyngeal, which seems 
to take no part m the mnervation of sense organs in Batrachus, 
although m Amia one canal organ and a Ime of pit organs are 
supplied by that nerve? It is probable that the fibres inner- 
vating the orgams are enclosed sometimes with the IX and 
sometimes with the X nerve. 

The attempt to homologize the body lines of Batrachus 
seems useless until a better knowledge of the components of 
the so-called R. recurrens facialis is obtamed. It seems prob- 
able that this nerve 1s identical with the R. dorsalis recurrens 
trigemini (Stannius), which is said to mnervate a line of end 
buds at the base of the dorsal fin in Siluroids, but the dorsal 
body lme of organs in Batrachus would hardly seem homologous 
with this line of end buds. 

1 Ima recent paper (Journal of Morphology, vol. xii, p. 747) Alls has shown 


that the “so-called dorsal root” of the IX is composed of fibres from the lateral 
ime root of X. 
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General Considerations. 


If one may judge from the contributions to this subject by 
various investigators, it is becoming evident that the lateral 
line system may take rank among the organs of special sense. 

The connection of the olfactory, optic, and auditory organs 
with the central nervous system is effected by means of special 
pairs of cranial nerves originating in definite centers within the 
brain. On the other hand, the sensations of touch are medi- 
ated by cutaneous nerves which seem to be so universally dis- 
tributed as to suggest the idea that the skin itself may be 
regarded as an immense sense organ and its innervation corre- 
spondingly general, 

The system of the lateral line has usually been regarded as 
composed of organs of the more generalized type. Their wide 
distribution over the entire head and body would favor this 
conclusion, but the study of the cranial nerves of Amphibia 
brings into view several significant facts. In his recent paper, 
Strong (11) calls attention to a “most beautiful extirpation 
experiment in nature.” The tadpole has the sense organs 
found in fishes and the Urodeles, and these organs are inner- 
vated by certain dorsal branches of the cranial nerves. When 
the tadpole becomes a frog, and these organs disappear from 
the skin, the dorsal branches supplying them become atrophied. 
As regards the innervation of the lateral line organs, there 
seems to be a remarkable agreement between the Urodela, larval 
forms of Anura, and the fishes. In general, the arrangement 
seems to be the same, inasmuch as dorsal branches of the VII 
and X cranial nerves supply these organs. This has been 
shown in the case of amphibians (11), selachians (12), two 
ganoids and one dipnoid (13), but among teleosts the mat- 
ter has been in doubt. Batrachus is certainly one teleost in 
‘which the dorsal branches are present and innervate the lateral 
line organs. 

In his analysis of the cranial nerves of Amphibia, Strong 
gives a description of the different nerve components distin- 
guishable by the nature of their fibres, peripheral distribution, 
and internal origin. 
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He describes a general cutaneous component and a sfecial 
cutaneous or lateral line component, the dorsal branches of 
which innervate the organs of the lateral line. These branches 
are coarse fibered and therefore distinguishable im sections, 
while their internal origm or termination is the tuberculum 
acusticum, a portion of the medulla which is greatly developed 
in fishes. If the lateral lme component has its origin m the 
tuberculum acusticum, we have good reason to conclude that 
the localization of function in the medulla is as definite for 
these widely distributed organs as it is for the more circum- 
scribed patches of sensory epithelium seen im the case of the 
ear, eye, or olfactory organ. 

The ear furnishes a fine illustration of this subject, and seems 
like a connecting Ilmk between the system of lateral lme 
organs from which it has probably originated, and the most 
highly modified sensory structure in Vertebrates —the eye. 
Ayers (10) has shown that the auditory organ is in reality a 
series of canal organs innervated by two distinct cranial 
nerves which he regards as possibly dorsal roots of VII and IX. 


II. Larvat Forms. 


Origin of the Lateral Line System. 


1. Lateral line sense organs.—Sections of early stages in 
the development of Batrachus show thickenings of the ectoderm 
in the region behind the eyes. In sections of later stages these 
areas of thickened ectoderm have become invaginated to form 
the auditory vesicles. Immediately after the closure of the 
auditory pits, thickenings of the lower layer of the ectoderm 
are observed on each side of the head in the pre-auditory region. 
From this thickened area two cords extend, one above and 
another below the eye. These cords are the rudiments of the 
supraorbital and infraorbital lmes of sense organs. 

Simultaneously in -the post-auditory region there appear 
similar thickenmgs of the ectoderm which extend rapidly 
backward on to the trunk. In very young embryos this line 
advances along the side of the body with an enlargement at the 
growing end. 
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These thickenings of the ectoderm are described by H. V. 
Wilson (14) as “‘sensory tracts,” and he maintains that in the 
bass, unlike what has been observed in selachians, in Amia 
and in the trout, the lateral line originates in the form of 
“sensory sacs,” which later on become flattened out into the 
‘‘patches”’ described by other authors. There is no dissent 
from the view that the auditory region is the place where the 
lateral line system originates, but the occurrence of these 
“sensory sacs’’ appears to be peculiar to the bass. Wilson 
states that the ear, branchial organ, and the first of a series of 
organs extending on to the body, are derived from this ‘‘ common 
sensory furrow.” In Batrachus there is no definite furrow 
present, and the “branchial sense organ”’ described as ‘func- 
tional in the later stages of embryonic and during larval life”’ 
is certainly not ‘histologically differentiated”’ as in the bass. 
There is no sign of an organ composed of ‘sense cells with 
short stiff hairs,’ as described by Wilson in an embryo of 
fifty-nine hours. 

Fig. 17 shows the growing end of this line as seen in a 
preparation of the skin of an embryo 5 mm. in length. After 
fixing in picro-sulphuric acid and slight maceration in water, 
if the skin is removed, stained in alum cochineal, and mounted 
in glycerine, the proliferating cells in the lower layer of the 
ectoderm may be clearly seen. A horizontal section of this is 
shown in Fig. 18, at the time when the growing point has 
reached only a short distance behind the pectoral fin. <A 
more highly magnified view of a portion of the same is seen in 
Fig. 19. A comparison of the lateral line of Batrachus at 
this stage with the same structure in an Acanthias embryo is 
of interest (Fig. 14). In Acanthias the lateral line is quite 
conspicuous. In an embryo of 22 mm. (Cut 3) it is easily seen 
with a hand lens, as a prominent, somewhat flattened ridge, 
extending backward above the branchial region and along the 
sides of the body. There is a curious fold of the epidermis, 
the so-called “pocket,” which covers the growing end of the 
line. Pl. XIX, Fig. 14, shows a horizontal section of an embryo 
17 mm. in length, from which it is evident that the “pocket ”’ 
consists of a reduplicature of the skin accompanying the 
enlarged growing point. 
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The branches of this system on the head also show this 
peculiar fold (Cut 3), the significance of which it is hard to 
discover. In connection with this fold, Mitrophanow (15) 
describes the formation of canals, but gives no figures that 
illustrate the manner of their formation. Behind the dorsal 
fin, as seen in older embryos, the “‘pocket’’ becomes greatly 
elongated, and suggests the existence of a canal in that region, 
but furnishes no clew to the condition that is supposed to exist 
in the anterior part of the body of the adult Acanthias. Cut 
4 is a cross-section of the anterior part of the line at this stage. 


Cut 3.— Acanthias embryo, 22 mm. in length. 


This subject has not been sufficiently investigated to afford a 
satisfactory basis for comparisons. Beard (16) mentions this 
growing end of the line as “ plowing its way backward through 
the indifferent ectoderm.”’ The appearance of the structure 
in Acanthias would suggest this idea. 

Balfour (17) describes the lateral line of Syllium as appearing 
«in the form of a linear thickening of the inner row of cells of 
the external epiblast on each side, at the level of the notochord.” 
He says that at this time it shows no segmental character, and 
he also notes the interesting fact of the “‘broadening at the 
growing point.”” He probably has reference to this remarkable 
fold of the epiblast when he speaks of the “ perfectly abrupt ” 
termination of the line. He also mentions the contrast between 
the narrow anterior and the broad terminal portion of the line. 
This thinning out of the anterior portion of the lateral line is 
noticeable in Batrachus. Allis describes and gives figures of 
surface preparations showing the same appearance of the line in 
Amia. ‘The ends of these lines are enlarged, that of the 
lateral line sometimes forming a large and prominent swelling.” 

Hoffmann (18) regards the sense organs as arising seg- 
mentally, and gives no account of the growth of the rudiment 
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of sense organs on the side of the body. H. V. Wilson (15) 
has evidently found the line only in the form of a slender cord 
on the posterior part of the body, and makes no mention of 
any enlargement at the growing end. From figures in a 
recent paper on Necturus, by Miss Platt (19), this enlarged 
growing point is shown as quite conspicuous. In selachians, 
ganoids, and amphibia we have evidence of this mode of 
growth of the sense organ rudiment, but no figures or descrip- 
tions of the enlarged growing point of the lateral line of any 
teleost have been published, so far as I am aware. 

Fig. 6 represents the condition of a Batrachus embryo 
about the time of hatching and when the embryo is still 
attached to the yolk sac. The principal organs of the different 
lines can now be distinguished in surface preparations, but a 
more satisfactory showing of the exact number and position of 
the organs, as well as of the connecting strand, can be obtained 
from preparations of the skin, as previously described. 

Regarding the canal and free organs as identical, the devel- 
opment may be briefly outlined as follows: In Batrachus, as 
in Amia, the growing line of sensory epithelium begins to 
present the appearance indicated in Fig. 15, which is a camera 
drawing from a preparation of the skin at a stage somewhat 
earlier than that shown in Fig. 6. The cells destined to 
form the sensory portion of the organ begin to elongate and 
arrange themselves in a definite manner, suggesting the name 
“hillock” given by Merkel (20) to this class of organs. At 
the summit there soon appears a clear vacuolar space toward 
which) the upper portion of the cells is directed!) The 
‘«‘hillock” formed in the lower layer of the skin soon pushes 
its way to the surface and gradually takes on the characteristics 
of an adult organ. This process has been fully described by 
Allis (2). 

The sensory and supporting cells are very much alike in the 
organs of Batrachus, although the cells in the center of the 
‘‘hillock’’ are pear-shaped and somewhat shorter than those 
of the peripheral part of the organ. From Fig. 16, which is a 
section of a side organ of a fish of one year old, the shape of 
the adult organ is evidently that of a cone hollowed at the base. 
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Soon after the organ has reached the surface, there appears 
on the summit a structure known as the “hyaline tube”’ or 
“cupola.”’ This was seen on specimens 2 cm. in length, being 
easily observed with low magnifying power on the living fish, 
some chloroform being added to the water to quiet the fish 
during the observation. This tube measured .10 mm. in length 
and .oI in breadth. From sections through the canal organs of 
older fish, it is apparent that this “hyaline tube” is present 
after the enclosure of the organs in canals. There is little 
doubt in regard to the nature of this hyaline structure. The 
cells of the organ, in common with other epidermal cells, may 
secrete a cuticular substance on the free ends of the cells. In 
the case of the hair cells this secretion is in the form of hairs 
or bristles. These hairs may coalesce, forming a continuous 
membrane, surrounding the central portion of the hillock, 
thus forming the so-called tube, which is frequently present. 
The hairs of the most central cells may remain separate within 
this tube, as Leydig (1) observes in his most recent paper on 
this subject. 

The ‘terminal buds” of Merkel or “end buds” of other 
writers are not found on the surface of the head or trunk of 
Batrachus, but they occur in the mouth and branchial cavities. 
These organs are much smaller than the hillocks on. the surface 
of the body, and very little is known in regard to their 
innervation. 

2. Lateral line nerves. — In his “‘ Elasmobranch Fishes” Bal- 
four (17) says that, in considering the subject of the lateral line 
system, we are dealing with two distinct structures, (1) the 
modified epidermis seen in certain lines along the sides on 
the head and body, and (2) the accompanying nerves. 

The origin of the organs from the modified ectodermal cells 
has been demonstrated, but the mode of origin of the accom- 
panying nerves is not so well understood. Balfour (17), follow- 
ing what he believed to be the analogy of cranial nerves in 
general, held that the dorsal branches which supply the sense 
organs grow out from the brain to these organs. On the other 
hand, Gotte (21), Semper (22), van Wijhe (23), and Beard (16) 
consider it certain that the cells from the ectoderm contribute 
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to the formation of these branches. According to Hoffmann 
(18), the lateral nerve in Salmo arises from a string of cells in 
the nervous layer of the ectoderm some time previous to the 
development of the organs. This string gradually moves out 
of the ectoderm, coming to lie at some distance internal to it, 
but connected at intervals 
by short side branchlets with 
the locality where the future 
segmental sense organs are 
to arise. Hoffmann’s (18) 
observations were made on 
embryos of a teleost, which 
he regards as a less favor- 
able form than the selachian, 
in which, according to Sem- 
per (22), it is uncommonly 
easy to show the origin of 
the lateral nerve. 

In) the (section ‘of the 
Acanthias embryo (Fig. 14), 
there is an evident exten- 
sion of nerve fibres from 
the vagus ganglion accom- 
panying the lateral line 
rudiment. In cross-section 
these fibres are seen to con- Cur 4.— Cross-section of lateral line of 

Acanthias embryo. 
stitute at this stage a part 
of the lateral line (Cut 4). It will be necessary to study the 
changes taking place in the later stages before a final conclusion 
can be drawn, but it would appear that the thickened ectoderm 
forming the lateral line and the extension of the outgrowths of 
the ganglion cells were associated during the early history 
of the structure. 

Hoffmann’s (18) description of the origin of the nerve 
becomes more intelligible after the study of the selachian 
embryo, although in both the case of Salmo and Acanthias the 
exact mode of origin of the sense organs remains uncertain. In 
Batrachus, on the other hand, the origin of the sense organs 
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is easily demonstrated, while the origin of the nerves and their 
connection with the organs becomes the great problem, as tn the 
case of other teleosts. 

In stages represented in Fig. 18 it is impossible to detect 
any nerve fibres accompanying the growing line on the side 
of the body. The whole line has the appearance of being an 
extension of the mass of ganglion cells. This seems the more 
striking as the entire string of cells constituting the rudiment 
of the lateral line in Batrachus seems to occupy the same relative 
position as the extension of ganglionic fibres in Acanthias. 

Wilson (14) states that he has been unable to trace the 
origin of nerves in the Bass. He says in regard to the lateral 
branch of the vagus, that he could not distinguish it “during 
embryonic life” nor “in the larvae of two or three days.” 

It is difficult to reconcile Hoffmann’s (18) observations on 
Salmo with the facts brought out by Wilson (14) or with the 
conditions existing in Batrachus. That the origin of the sense 
organ rudiment precedes the appearance of the nerve in both 
the Bass and Batrachus can hardly be doubted, while from the 
description of the “growing sensory tissue”’ in the skin of 
Amia, Allis (2) surely conveys the idea of the early appear- 
ance of the sense organ rudiment. 

3. Formation of canals. — Figs. 7-11 represent the appear- 
ance of the head of Batrachus during the period of the 
enclosure of the organs in canals. The plates of Allis show in 
detail the different steps of this process of canal formation, 
and avery full account of the same is to be found in the admi- 
rable paper on the development of the lateral line organs of 
Amia. Previous to this paper, we have the accounts of canal 
formation in Cottus gobio by Bodenstein (9), and in Plateria 
by Schulze (24) and Solger (25), but the illustrations of the 
subject, as well as the accounts, are not so full and clear as in 
the case of Amia. 

The appearance of the head during these stages is almost 
identical in Amia and Batrachus. At the time of hatching, 
the organs are not apparent on the surface, but after treatment 
with picro-sulphuric acid they may be seen below the surface 
as whitish spots or irregular lines (Fig. 6). 


No. 2.] LINE SYSTEM OF BATRACAVUS TAU. 245 


The canals are formed in sections, as described by Allis (2): 
«After a developing canal organ has reached the surface, it 
begins to sink, carrying with it the surrounding tissues, thus 
forming a small pit at the bottom of which the organ lies. 
Lips grow upward and inward from the edges of the pit, and 
meeting above the organ, form a short canal, the openings of 
which are inclined to the general surface and give to the canal 
a tunnel-like appearance.” In Figs. 7 and 8 the organs have 
begun to sink below the level of the surface and form linear 
areas of depression. | | 

In Figs. 9, 10, and 11 the process has been continued and 
the organs are partially enclosed by the approaching lips of the 
canal, but complete fusion has not taken place. This condition 
is permanent in some forms, as Chimaera and Polyodon, 
open grooves taking the place of canals in the adult. The 
process of enclosure goes on unequally; the most anterior organs 
are the first to become enclosed. In Fig. 10 the line of fusion 
of the nasal tube is distinctly seen, and the two half pores 
which are formed constitute the anterior and posterior nares. 
In the supraorbital line the process of fusion is carried out 
most completely, the short canals coalescing and therefore no 
primary pores formed, the terminal or half pores only being 
present (Figs. 2 and 23). A comparison of the commissural 
canal between the eyes, so prominent at this stage (Fig. 10), 
with the bony channels on the frontal bones (Fig. 4) is instruc- 
tive, as showing the effect of the flattening of the head and 
the closer approximation relatively of the eyes in the adult. 

In the case of the operculo-mandibular line (Fig. 9) the oper- 
cular portion is seen to form independently of the mandibular 
division, and the double or primary pore which marks their 
union remains larger than the others of the line (Fig. 22). 
In the mandibular portion of the line the four anterior organs 
are never enclosed in a canal, but retain the open groove 
condition in the adult (Fig. 3). 

4. Connecting strand. — While examining adult specimens of 
Batrachus which were partially macerated in nitric acid my 
_ attention was attracted by a very well-defined strand connecting 
the organs on the side of the body. This structure had the 
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appearance of the commissures connectimg the ganglia of the 
sympathetic system, and from the fact that it resisted the action 
of nitric acid I mferred that it was nerve tissue. Im direct sun- 
light, by aid of an ordimary lens, this cord was plamly to be 
seen, and its commection at ether end with the cells near the 
summit of the semse orgams was evident. 

The appearance of this structure m connection with a free 
organ is shown m a section from the side of the body of a 
specmmen 10 cm. im length (Fig. 16, coms¢.). As may be seen, 
the strand mear the organ has a diameter greater than that 
of the nerve supplymg the organ, and it extends m a sort of 
festoon from the summit of one organ to that of the next m 
the Ime, becomms narrower midway between the organs. It 
extends below the skm imto the thick felt-like layers of connect- 
ive tissue occupymsg the space between the skm and the mus- 
cles. This cord is also foumd connectimg the organs of the 
supra- and mfraorbital Imes m the head, as well as those of 
the operculo-mandibular Ime, and even where free orgams seem 
quite disconmected, as im case of orgams on the top of the head, 
there is at least a short extension of this cord on each side 
of the organ. In Figs. 22 and 23, the strand is represented m 
blue. A cord of cells is found on the floor m the epithelial 

| eer Imig of the canals 

?.- oes j — (Figs. 22 and 23). It 

<2 > therefore becomes 
evident that m the 
case of Batrachus tau 
the connecting strand 
constitutes a2 promi 
nent feature through- 
out the lateral Ime 
system m the adult 
fish (Cut 5). Boden- 
stem (9) describes 
this structure m the adult Cottus gobio, and says that the 
strand extends from the cenéer of one organ to the next. This 
is hardly the case m Batrachus (Fig. 16), as the cord evidently 
termimates at the summit of the organ, among the supporting 
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cells, having no connection with the nerve, as suggested by 
Bodenstein, when he speaks of the possibility of its forming 
anastomoses with the nerves in the series of sensory hillocks. 
Emery (26) describes what he calls ‘epithelial canals”’ in the 
adult Fierasfer, and 
his figures leave no 
doubt as to their 


homology with the SSS \ZAe2 
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connecting strand of “= <> = Sea eset 
Lf ier 
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and 7). No mention Ss GaN S 


is made of any con- 
necting canals be- Cur 6. — Copied from Fig. 58, Emery (26). 

tween the canxal 

organs, but they are evidently well developed between the 
“nerve buttons” (pit organs) of the accessory lines. 

The fact that these ‘“canals’’ sometimes branch and end 
blindly (Cut 7) is a peculiar characteristic if these canals are 
functional. Exactly similar peculiarities are noticed in the 
case of the strand in Batrachus. The free organs situated in 
a line parallel with the canal on the mandible have the strand 


-t__»_>—__e___,, ___—->_s—. CON. st. 


Cur 7. — Copied from Fig. 6, Emery (26), 


directed at right angles to the canal, and in one case the end 
of the cord was branched in a similar way to that figured 
by Emery. In a series of cross-sections the irregular out- 
line of this strand in Batrachus becomes evident (Cut 8). 
There is some indication of its being fibrous in structure, and 
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often near the organ a suggestion of a lumen is noticed,. 
especially in longitudinal sections. 

According to Leydig (1), Feé (27) seems to have figured this. 
connecting strand, but makes no allusion to it. Solger (25) 
refers to the “side organ chains,’ in the case of Acerina cer- 
nua and Lota vulgaris, and speaks of the chain as consisting 
of ‘“marrowless nerve fibres enclosed in a nucleated sheath.” 
Merkel (20) speaks of ‘“ modi- 
fied (cutis) epithelium” and 
suggests that the connecting 
strand may be the vestige 
of a canal! The presence, 
however, of both the canal 
and the connecting strand, 
one found within the other, 
as in Batrachus, would over- Cur 8.—Cross-sectién of strand between organs 
fhrew any euch supposition. 9 and 10 of infraorbital line of Batrachus. 
Carriére (28) thinks there is no possibility that this “chain ”’ is 
composed of nerve fibres. Ryder (29) speaks of “faint fila- 
mentous prolongations” from the organs. In a figure of 
Savi’s (40) vesicles there is a connecting cord shown and 
described as “filament anastomotique,’ which suggests the 
same structure. 

Leydig (1) has examined this peculiar structure in Gobio, 
Rhodeus, Salmo, and Anguilla, and although reaching no con- 
clusion as to its significance, says that the strand does not 
consist of nerve elements, but principally of epithelial cells 
which enclose a space that may be considered a lymph passage, 
or, in some cases, no lumen being present, the strand presents a 
fibrous or ligamentous appearance. He regards the “ epithelial 
canals’ of Fierasfer as lymph channels. Leydig (1) further 
observes that although he has not seen the epithelial thick- 
enings out of which the sense hillocks arise, it is probable that 
the strand is derived from these thickenings. From this point 
of view the strand would be a remnant of an epithelial growth 
which separates from the epidermis and forms the foundation of 
the sense hillocks. Leydig (1) utterly discards the idea that this. 
structure is in any way connected with the later forming canal. 
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In regard to the origin of the strand, my observations on 
the embryos and larval forms of Batrachus would tend to con- 
firm the opinion expressed by Leydig. Whatever the function 
may be, z¢s origin from the sense organ rudiment 1s not to be 
doubted. Invery young embryos the growth of the sensory 
tissue is easily demonstrated, as shown elsewhere. In the 
larval fish 15 mm. long, just after the yolk has become 
absorbed, the strand is distinctly seen in preparation of the 
skin, the cells of the strand between the organs still retaining 
much the same appearance as in earlier stages (Fig. 15, cov.st.). 
Later, however, the cells undergo a change so that the tissue 
appears as seen in Fig. 16, const. 


Comparison with Other Teleosts. 


1. Lophius piscatortus.— The goosefish resembles the toad- 
fish in being destitute of scales and in having similar tentacu- 
lar appendages in various parts of the body (Guitel, 30). The 
sense organs are not enclosed in canals, but are protected 
by projections of the skin, as in the case of the free organs 
of Batrachus. The maxillary portion of the infraorbital line of 
organs is greatly developed and the suborbital is wanting. 
The innervation is quite similar in the two forms, the dorsal 
branches of the VII being quite distinct from the V. 

2. Cottus gobio. — Bodenstein (9g) has described the “con- 
necting strand” in the adult Cottus and represents it in his 
figures as on the floor of the canals. From his description of 
the skin and the appearance of the canal organs, there is a 
striking similarity between the two forms. 

3. Amzurus. — Batrachus and this common fresh-water form 
have several characteristics in common. The naked skin, 
closely studded with gigantic gland cells, the depressed head, 
and general shape of the body is the same, but the sense organs 
of the trunk in Amiurus are, for the most part, in canals. The 
interesting comparison is in respect to the course of the 
R. dorsalis recurrens facialis, which has been wrongly called 
“<¢tvigemint.’ In Amiurus, according to Wright (31) and Pol- 
lard (32), this arises from a “posterior dorsally placed gangli- 
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onic extension and passes upwards imtracranially to the parietal 
bone,” and from themce on to the bedy immervatimg 2 dorsal Ime 
of sense organs. This nerve is undoubtedly homologous with 
the R. recurrems of Batrachus, althouch takime 2 somewhat 
different course. It receives 2 branch from the vacus, and m 
this respect resembles the R. recurrems facilis of Batrachus. 

4. In Fierasfer the “connecting strand” ts well developed, and 
althouch Emery (26) describes this structure as am “epithelial 
canal,” still the evidence its hardly conclusive from His ficures. 

5. Ganotds.— As already shown, Batrachus and Ami have 
many of the same characteristics, but m Batrachus the canals 
are never entirely encloséd withm the bomes of the skull, nor 
is the elaborate system of bramchmeg canals with ther numer 
ous groups of pores to be found. Allis (2) has shown that the 
trigeminus takes no part m the mmervation of the canal organs 
of Amia. The termmal buds found m such 2bundance on the 
surface of the head of Amie are not present m Batrachus. 

6. Selachtans.— The comparison between the lateral Ime of 
Acanthias and Batrachus, which has already beem made, shows 
the differences that will probably be found to exist m the mode 
of origi of this system m the two groups of fishes. So far as 
the immervation is concerned, there is great smnilarity between 
Batrachus and selachiams. Ewart (12) has showm that the 
lateral Ime organs are supplied by the dorsal branches af 
the VIL and X cranial nerves. 

7- Dtpnotds.— Pinkus (13) has shown that the commissure 
connectime the VII and X is quite promment m Protopterus. 
He does not describe this nerve as connectme with the branches 
extendme om to the bedy, but shows its union with the vagus 
ganglion. This commissure is undoubtedly homologous with 
the R. recurrens facialis of Batrachus. A few of the sense 
organs of Protopterus are enclosed m canals, but they are, for 
the most part, om the surface of the body, as m Batrachus. 

8. Cyclostomes.—The commissure between the VII and X 
has been found m Petromyzon and figured by Ahlborm (33). 
Stannius (34) speaks of the N. lateralis as “formed partly by 
a recurrent branch from the factalis passing around outside the 
auditory capsule, a thing which docs not occur tm the N_ lateralis 
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in higher forms.’ This is a complete description of the course 
of the R. recurrens facialis in Batrachus. 

9. Amphibta.— While Batrachus is a true teleost, there are 
certain superficial resemblances to the Urodeles, the sense 
organs of both having much the same appearance and arrange- 
ment on the body. 

As regards the course of the cranial nerves, Strong (11) 
has pointed out the remarkable homologies that are presented 
in the tadpole and the teleost ; the dorsal branches corre- 
sponding to those of teleosts being present in the tadpole but 
becoming aborted in the adult frog. 


General Summary. 


Development of organs and canals.— The sense organs of the 
lateral system in Batrachus arise from special cords of cells 
formed in the lower layer of the epidermis. These cords origi- 
nate from certain thickenings which make their appearance in 
the auditory region of very young embryos, and proliferate 
along definite lines on the head and trunk. The enlarged 
growing end of one of these cords pushes its way from the 
auditory region to the extreme posterior part of the body, 
the swollen appearance remaining conspicuous for some time 
in the region of the caudal fin. 

These thickenings of the ectoderm give rise to the sense 
organs; each organ arising as a “local proliferation” of cells 
along the cord (Fig. 15). These cells push through the over- 
lying epidermal cells and gradually take on the form and char- 
acter of the adult organ, having the hair cells well developed, 
and the so-called ‘‘cupola”’ structure surmounting the organ. 

In a later stage each organ sinks slightly below the surface, 
and a pointed fold of the skin projects on either side of it. 
This is the permanent condition of the majority of the sense 
organs of Batrachus. On each side of the head, however, four 
short canals are formed. They enclose organs identical with 
those remaining on the surface, and the canals may be regarded 
as a fusion and extension of the paired flaps which serve to 
protect the free organs. In the adult the canals lie in open 
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channels of the dermal bones and only primary pores are 
present. 

Innervation. — The dorsal branches of the VII and X cranial 
nerves supply the lateral line system. The supraorbital line 
of organs are innervated by the R. ophthalmicus superfacialis ; 
the infraorbital by the R. buccalis facialis ; the operculo-man- 
dibular by the R. mandibularis externus; while the vagus sends 
branches to the single canal organ in the temporal region, as 
well as to the organs on the top of the head. 

The anterior organs of the trunk are supplied by the R. re- 
currens of the VII, which forms an anastomosis with a branch of 
the vagus just outside of, and posterior to, the auditory capsule, 
and extends on to the body, occupying a position directly super- 
ficial to the N. lineae lateralis. The R. recurrens in Batrachus 
is probably the same as the R. dorsalis recurrens facialis (tri- 
gemini) of the Siluroids, or of the cutaneous quinti in Gadus, 
although following a different course on the side of the body. 

It remains for future investigation to determine the exact 
innervation of the organs on the body of Batrachus. 

The complexity of the peripheral nervous system grows more 
apparent with every step of advance in methods of investiga- 
tion. In Kupffer’s words, “The researches of the last decade 
in comparative embryology have shown that the development 
of the peripheral nervous system is a far more complicated 
process than it was formerly supposed to be” (36). This 
is especially true in the case of the vertebrate head, as the 
recent work on Amphioxus by Hatschek (37), and the important 
investigations by Kupffer (38) on Ammocetes clearly show. 

In the views of Hatschek (37) we encounter a slightly modi- 
fied form of Balfour’s hypothesis in regard to the origin of 
both cranial and spinal nerves from a type of segmental nerves 
which had only dorsal, yet mzxed dorsal roots. According to 
Hatschek the spinal nerves have lost certain elements, while the 
cranial nerves have retained more of the primitive characteris- 
tics. In Petromyzon, Kupffer (38) has shown that the “dorsal 
spinal nerve root”? and the “mixed head nerve root” exist 
together side by side as coordinate components of a typical 
head nerve. 
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In the researches of Kupffer (36), we gain important addi- 
tions to our knowledge of the development of the cranial 
ganglia in connection with the thickenings of the ectoderm 
which have long been recognized, but little understood. Since 
Beard’s (16) and Froriep’s (39) simultaneous discovery of “ bran- 
chial sense organs”’ in the embryos of sharks, and the corre- 
sponding transient structures in embryos of higher forms, there 
has been much controversy in regard to the question of the 
ectoblast elements entering secondarily into the formation of 
the cranial ganglia and nerves. There has been much hesita- 
tion on the part of investigators in accepting this fact, for, as 
Froriep (39) has said, “It would certainly bring about a 
fundamental change in our views, were we to be convinced that 
during a long period of embryonic development, the whole 
ectoblast possessed the capacity to act as ‘Nervenkeim.’” 

It is now settled beyond dispute that these “placodes”’ in 
Ammocetes do furnish material to the processes growing down 
from the neural ridge, and subsequently forming the cranial 
ganglia and nerves. The peripheral portion of the “ placodes”’ 
may become the “foundations of the primary sense organs.” 
The sense organs of the lateral line, although distributed over 
the entire length of the trunk, are connected with ganglia 
formed in the head region, and are therefore innervated by cranial 
nerves. There seems every reason for considering the system 
as belonging with the more highly specialized sense organs. 

In his admirable paper on “The Cranial Nerves of Am- 
phibia,”’ Strong (11) has shown the extensive modification 
which takes place in the nervous system of Rana, due to the 
disappearance of the lateral line organs in the adult, and sug- 
gests “the importance of taking into full consideration, as a 
factor, the cutaneous sense organs in the attempt to obtain a 
philosophical understanding of the changes undergone by the 
peripheral and central nervous systems. The development 
and specialization of these structures have probably played an 
important part in the changes leading to the organization of 
the vertebrate peripheral and central nervous systems.” 


UNIVERSITY OF CHICAGO, : 
May, 1806. 
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REFERENCE LETTERS. 


A. =anal fin. 
ac.b, = accessory membrane bone. 
ac.md.i. = accessory mandibular line. 
a./, = anterior pit line of head (Amia). 
an.r. = anterior root. 
an.ma. = anterior nasal aperture. 
ar. = articular. 
éuc.f. = ramus buccalis facialis. 
cb. = cerebellum. 
C.H7. = cerebral hemispheres. 
c.4. = cheek line. 
com.V7/-X == commissure between V// and X. 
con.st. = connecting strand. 
d. = dentary. 
d.b.V // = dorsal branch of V// nerve. 


d.6.4/.2.== dorsal branch of nervus lineae lateralis. 


d.b.rec 7. = dorsal branch of recurrens facialis. 
d@./. = dorsal line. 
d.o.4. = dorsal opercular line. 
ep. = epiphysis. 
FR. = frontal. 
Jg. = facial ganglion. 
g./. = glossopharyngeal nerve (Amia). 
£.g- = Gasserian ganglion. 
A./. = horizontal pit line of cheek (Amia). 
f.0.C. = infraorbital canal (Amia). 
dlr. = lateral line rudiment. 
m. == muscles. 
MX.C. = maxillary canal. 

md./, == mandibular line. 

m.e.f. == ramus mandibularis externus facialis. 
m.i. = middle dorsal pit line of head. 
m.i/. = nervus lineae lateralis. 

”.c. = noto chord. 
oc.f. = supraoccipital foramen. 
oll. = olfactory lobes. 
OM.C. = operculo-mandibular canal. 
OP. = operculum. 
op.f. = ramus ophthalmicus superfacialis. 
op.d. = optic lobes. 
O.S. = opercular spine. 
ot.n. = otic nerve (Amia). 
p. = pore of canal. 
. = pectoral fin. 
pigm. = pigment. 
pl. = posterior pit line of head (Amia), 
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p-n.a. = posterior nasal aperture. 
P.OP. = preoperculum. 
p.r. = posterior root. 
vec.f. = ramus recurrens facialis. 
§.o7. = sense organ. 
SO.C. = supraorbital canal. 
5p.c. = spinal cord. 
st.com. = supratemporal cross-commissure. 
s¢.v’. = supratemporal branch of vagus. 
7.A. = tuberculum acusticum. 
7.C. = temporal canal. 
V. = ventral fin. 
v.b.rec.f. = ventral branch of recurrens facialis. 
v.0./. = ventral opercular line. 
v.g. = vagus ganglion. 
v.2 = second branch of vagus. 
wa. = wolffian duct. 
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EXPLANATION OF PLATE XVIL 


Fic. t. Side view of head of Batrachus tau, one year old. X 6 Showmg 
the appearance of the limes of sense orgams im the adult, also the position of the 
paired flaps and other projections of the skm on the head. 

Fic. 2. Dorsal view of same. X 6. 

Fic. 3 Ventral view of same X 6. 

Fic. 4. Dorsal view of skull. Natural size. 

Fic. 5 Ventral view of mandible. Natural size. The grooves show the 
position of the Iateral lime organs. 


In Fig. 4, for JF read FR. 
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EXPLANATION OF PLATE XVIII. 


Fic. 6. Embryo of Batrachus at time of hatching, showing the different lines 
of organs well defined. X 15. 

Fic. 7. Side view of head of larva, showing sense organs on the surface. X 6. 

Fic. 8. Front view of same. 

Fic. 9. Side view of head, a few days later, showing canals in process of 


formation. 


FIG. 10. 
Fic. 11. 
FIG. 12. 
Fic. 13- 


xX 6. 

Front view of same. 

Dorsal view of same. 

Dorsal view of brain, showing roots of cranial nerves. X 6. 
Diagram showing connections between the V// and X. The intra- 


cranial commissure, and the anastomosis of the recurrens facialis with a branch 
fromthe X. The V/// has been omitted, as also the portion of the XY innervating 
the branchial region. 
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EXPLANATION OF PLATE XIX. 


Fic. 14. A horizontal section of an Acanthias embryo 17 mm. long, showing 
the growing point of the lateral line with its “pocket” and the nerve. Cam. 
Z. 16, OC. 3. 

Fic. 15. Drawn from a preparation of the skin, showing the appearance of 
the cells of the organs at an early stage of their development. Cam. Z. 4, oc. 3. 

Fic. 16. A vertical section through a sense organ, showing the relation of the 
connecting strand to the organ. Cam. Leitz 7, oc. 3. 

Fic. 17. Preparation of skin showing the appearance of the rudiment of the 
lateral line organs with its enlarged growing end. Cam. Z. 4, oc. 3. 

Fic. 18. A horizontal section of an embryo of Batrachus 7 mm. long, show- 
ing the position of the growing point of the line in its relation to the outer layer 
of ectoderm and to the muscles. Cam. Z. 16, oc. 3. 

Fic. 19. View of same magnified. Cam. Z. 4, oc. 3. 

Fic. 20. Cross-section through the enlarged portion of the line. Cam. Leitz 
7 pak vee 


In Fig. 16, for # read x. 
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EXPLANATION OF PLATE XxX. 


Fic. 21. Diagram showing the innervation of the lateral line organs of Amia. 
Journ. of Morph., Vol. ti, No. 3, Pl. XLII (reduced). 

Fic. 22. Diagram showing innervation of the lateral line organs of Batrachus 
The lines in blue indicate the sense organ with the connecting strand. 

Fic. 23. Diagram showing dorsal view of the same. The course of the nerves 
is shown on the right, and the position of the connecting strand, in blue, on 
the left. The short lines on each side of the organ represent the position of the 
paired flaps. ) 


Fic. 24. View of left side of body of Batrachus one year old. Showing posi- 
tion of sense organs in adult. Natural size. 


In Fig. 21, for st.chm. read st.com. 


In Fig. 22, in supraorbital line, supply 1, 2, 3, 4, 5, 6, as indicating the organs 
of that line. 


For d.b.nec.f. read d.b.recf. 
For 6.2.//. read d 6.2.41. 
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